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(54) CERIUM-CONTAINING COMPOUND OXIDE EXCELLENT IN OXYGEN ABSORBING AND 
RELEASING ABILITY AND METHOD OF PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a cerium-zirconium compound oxide having <400°C oxygen 
absorbing and releasing temperature even after repetitively carrying out oxidizing and reducing 
treatments at 1,000°C and having >500 |i.mol/g amount of released oxygen expressed in terms of 
oxygen molecule. 

SOLUTION: A complex salt precipitate obtained by adding a reducing precipitant to a solution 
containing cerium and zirconium ions is aged and the resultant cerium-zirconium compound hydroxide 
containing trivalent cerium is baked in an inert or a nonoxidizing atmosphere to afford a cerium- 
zirconium compound oxide containing the trivalent cerium. The obtained compound oxide is then 
subjected to surface modification with a surface treating agent such as a metal halide, an alkali halide, 
an acid, an alkali or a halogen-containing organic compound. The cerium is compounded with the 
zirconium so as to provide (1/99) to (99/1) molar ratio of the cerium to zirconium in the cerium- 
containing compound oxide. The reducing precipitant is hydrazine. The surface treating agent is 
ammonium chloride. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The cerium-zirconium multiple oxide characterized by for oxygen uptake and emission 
temperature being 400 degrees C or less after performing oxidation / reduction processing repeatedly at 
1000 degrees C, and an oxygen burst size being more than 500micromol/g as an oxygen molecule. 
[Claim 2] The cerium-zirconium multiple oxide according to claim 1 characterized by being blended so that 
the mole ratio of the cerium in said cerium content multiple oxide and a zirconium may be set to 1 / 99 - 
99/1. 

[Claim 3] The compound salt precipitate which added the precipitant which has a reduction operation to the 
solution containing a cerium and zirconium ion, and was obtained is riped. The cerium-zirconium compound 
salt precipitate containing the obtained trivalent cerium is calcinated under inactive or a non-oxidizing 
atmosphere. Subsequently The manufacture approach of claim 1 characterized by carrying out surface 
treatment of the multiple oxide containing the obtained trivalent cerium using finishing agents, such as a 
metal halogenide, alkali halide, an acid, alkali, and a halogen-containing organic compound, thru/or a 
cerium-zirconium multiple oxide given in 2. 

[Claim 4] The manufacture approach of claim 1 whose.precipitant of the above-mentioned reducibility is a 
hydrazine thru/or a cerium -zirconium multiple oxide given in 3. 

[Claim 5] The manufacture approach of a cerium-zirconium multiple oxide according to claim 1 to 4 that the 
above-mentioned finishing agent is an ammonium chloride. 

[Claim 6] The co-catalyst for the catalyst for motor exhaust purification characterized by containing claim 1 
thru/or a cerium-zirconium multiple oxide given in 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the co-catalyst in internal combustion engines, such as an 
automobile using the manufacture approach of a cerium-zirconium multiple oxide of having outstanding 
oxygen uptake and emission ability, and it, and the emission-gas-purification catalyst especially discharged 
from a gasoline engine in a low-temperature region 400 degrees C or less, after performing oxidation and 
reduction repeatedly at 1000 degrees C. 
[0002] 

[Description of the Prior Art] The emission-gas-purification catalyst which converts into carbon dioxide gas 
harmless to the body, water, and nitrogen the carbon monoxide in internal combustion engines, such as an 
automobile, and the exhaust gas especially discharged from a gasoline engine, a hydrocarbon, and nitrogen 
oxides, and the so-called three way component catalyst are already put in practical use. This three way 
component catalyst uses noble metals, such as platinum, a rhodium, and palladium, as a principal 
component, and makes a co-catalyst cerium oxide and a cerium oxide-zirconium dioxide multiple oxide, and 
coating is carried out to the shape of a layer with alumina system support on the honeycomb-like monolith 
base which usually consists of a ceramic metallurgy group. 

[0003] In order for such a three way component catalyst to show high activity to the emission-gas- 
purification catalytic reaction of the preceding clause, there must be the air in an engine cylinder and the rate 
of a fuel, i.e., an air-fuel ratio, near the theoretical air fuel ratio called a window. Then, although the amount 
of the fuel which measures the oxygen density in exhaust gas with an oxygen sensor conventionally, and is 
sent in in a cylinder is controlled, it is very difficult to always maintain the high rate of purification only by 
this system for the time lag of the control system over change of the air-fuel ratio accompanying actual 
acceleration and moderation. 

[0004] Here, it is known that cerium oxide shows good oxygen uptake and emission ability according to the 
oxidation reduction operation based on the indeterminate ratio nature of oxygen. Since fluctuation of an 
oxygen density can be controlled in the above-mentioned three way component catalyst and the width of 
face of the window on appearance can be expanded with this property, it is conventionally put in practical 
use as a co-catalyst of an emission-gas-purification catalyst. And as a property of a co-catalyst, what shows 
high oxygen uptake and emission characteristic is needed more at low temperature. However, when the co- 
catalyst which uses conventional cerium oxide as a principal component has inadequate oxygen uptake and 
emission ability in a low-temperature region 400 degrees C or less and becomes an elevated temperature 850 
degrees C or more, it has the fault of the engine performance falling. 

[0005] Then, the cerium oxide which has high oxygen uptake and emission ability, and the multiple oxide of 
a zirconium dioxide are proposed so that JP,8-103650,A, JP,8- 109020, A, JP,8-109021,A, etc. may see in 
order to improve such a fault for example. 

[0006] However, the multiple oxide containing the cerium oxide and the zirconium dioxide of the former 
manufactured by said approach etc. Although it has outstanding oxygen uptake and emission ability, for 
example Journal of Alloys and Compounds, 270th volume (1998) the 107-1 14th page, Journal of Solid State 
Chemistry, The 47-54th volume [ 138th ] (1998) page reaches. So that Chemical Communications, the 149- 
1 59th page, etc. may see in 1999 Once the multiple oxide of the cerium oxide and the zirconium dioxide 
which are obtained according to these manufacturing methods oxidizes at the elevated temperature near 
1000 degree C, it is reported that the oxygen uptake and emission ability in a low- temperature region 400 
degrees C or less fall remarkably. 

[0007] Moreover, so that JP,6-246155,A may see in order to improve the oxygen uptake and emission 
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ability in low temperature for example Although the method of calcinating the compound salt precipitate 
which mixes the solution containing cerium ion, and noble-metals ion and/or transition-metals ion in the 
aqueous ammonia solution, ammonium bicarbonate water solution, or oxalic acid water solution containing 
a reducing agent, and is obtained above 250 degrees C is proposed By this approach, the oxygen burst size 
of the multiple oxide obtained is lOOmicromol/g grade, and cannot obtain sufficient oxygen uptake and burst 

size. 
[0008] 

[The technical problem that invention will be solved] The purpose of this invention is offering the co- 
catalyst in the cerium-zirconium multiple oxide oxygen uptake and whose emission temperature are 400 
degrees C or less after performing oxidation and reduction repeatedly at 1 000 degrees C and whose oxygen 
burst size's is more than 500micromol/g as an oxygen molecule, its manufacture approach, and the emission- 
gas-purification catalyst using it among the air which could not be accomplished in the conventional 
manufacturing method. 

[0009] Moreover, another purpose of this invention is to offer the manufacturing method which repeatability 
is good and can compound the above-mentioned cerium-zirconium multiple oxide simple and easily. 
[0010] 

[Means for Solving the Problem] The summary of this invention for solving the above-mentioned technical 
problem is as given in a claim. Among these, the manufacture approach of the cerium-zirconium multiple 
oxide of this invention The compound salt precipitate which added the precipitant which has a reduction 
operation to the solution containing a cerium and zirconium ion, and was obtained is riped. The cerium- 
zirconium compound salt precipitate containing the obtained trivalent cerium is calcinated under inactive or 
a non-oxidizing atmosphere. Subsequently It is characterized by carrying out surface treatment of the 
multiple oxide containing the obtained trivalent cerium using finishing agents, such as a metal halogenide, 
alkali halide, an acid, alkali, and a halogen-containing organic compound. 

[001 1] After this carries out by repeating oxidation and reduction in 1000 degrees C, the cerium-zirconium 
multiple oxide which has high oxygen uptake and emission ability more than 500micromol/g as an oxygen 
molecule in a low-temperature field 400 degrees C or less is obtained very easily. And such a cerium- 
zirconium multiple oxide can be suitably used also in the application exposed to the severe environment 
accompanied by a rapid temperature change, for example as a co-catalyst for the catalyst for emission gas 
purification excellent in thermal resistance. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained in more detail. 

[0013] After carrying out thej^xygen uptake and emission **** of the cerium-zirconium multiple oxide of 
this invention more than 700micromol/g, repeating oxidation and reduction in 1000 degrees C further and 
performing it preferably more than 500micromol/g as an oxygen molecule in low temperature 400 degrees C 
or less, it maintains its oxygen uptake and emission ability. 

[0014] The rate of a compounding ratio of a cerium and a zirconium in the above-mentioned multiple oxide 
Also after being able to set it as arbitration, also setting to presentation [ which ] and oxidizing and returning 
repeatedly under an elevated temperature 1000 degrees C or more Although the cerium-zirconium multiple 
oxide which has high oxygen uptake and emission ability more than 500micromol/g as an oxygen molecule 
in a low-temperature field 400 degrees C or less can be obtained, it is desirable to make it the mole ratio of a 
cerium and a zirconium set to 1 / 99 - 99/1 . In order for being referred to as 1 / 9 - 9/1 in order to make high 
activity as a co-catalyst for emission gas purification to make the pyrochlore oxide of a cerium and a 
zirconium generate preferably at best especially still more desirably, it is desirable to be referred to as 2 / 3 - 
3/2. 

[0015] Moreover, you may add in the range which does not produce the trouble which originates the rare 
earth oxides or such mixture of the atomic numbers 57-71 other than alkaline earth metals, such as 
magnesium oxide, a calcium oxide, and a strontium oxide, an aluminum oxide, silicon oxide and nickel 
oxide, titanium oxide, an oxidization hafnium, tungstic oxide, oxidization copper, ferrous oxide, scandium 
oxide', yttrium oxide, and cerium oxide in the use in the cerium-zirconium multiple oxide of this invention. 
[0016] Furthermore, the solution which contains in the solution containing the cerium and zirconium ion 
used as starting material noble-metals ion, such as platinum which is the principal component which brings 
about an exhaust gas cleaning effect, a rhodium, and palladium, may be blended, and generation of 
compound salt precipitate and support of noble metals may be performed to coincidence. Under the present 
circumstances, although it is possible to blend noble metals at a rate of arbitration, it is desirable to blend so 
that it may become 0.1-5 % of the weight still more preferably 0.01 to 10% of the weight preferably to the 
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total weight of the multiple oxide as an emission-gas-purification catalyst finally obtained practically. 
[0017] In order to prepare the cerium-zirconium multiple oxide of this invention, the precipitant which has a 
reduction operation is mixed in the solution containing a cerium and zirconium ion, and it is made to 
generate cerium- zirconium compound salt precipitate. 

[0018] As a precipitant which water solutions, such as cerium chloride, a cerium nitrate, an acetic-acid 
cerium, cerium <4> sulfate, an ammonium-nitrate cerium, zirconium nitrate, and a zirconyl chloride, are 
used preferably, and has a reduction operation as a solution containing said cerium and zirconium ion, for 
example, water solutions, such as a basic reducing agent, for example, a hydrazine, and a sodium 
borohydride, are used preferably. 

[0019] Furthermore, a hydrazine is preferably used especially as a precipitant which has the above- 
mentioned reduction operation according to this invention, further, it can ripe several days from several 
hours, stirring the cerium-zirconium compound salt precipitate generated by the hydrazine, reduction of 
cerium ion can be promoted, and oxygen uptake and emission ability of the cerium-zirconium multiple 
oxide finally obtained can be enlarged by considering as the cerium-zirconium compound salt precipitate 
whose cerium ion is trivalent. 

[0020] The example in the case of using a hydrazine hereafter as a precipitant which has a reduction 
operation is explained. The mixing ratio of the solution containing said cerium and zirconium ion, and the 
precipitant which has a reduction operation When using a hydrazine, in order what kind of thing may be 
used and not to be especially restricted, if it is the rate which precipitate generates and sufficient reduction 
operation produces, but for a hydrazine to act as a base of monovalence and to enlarge effectiveness of a 
reduction operation, for example It is desirable to set total of cerium ion and zirconium ion and the mixed 
rate of a hydrazine to 1:30 from 1 :4 by the mole ratio. 

[0021] Moreover, although any of an anhydride or one hydrate may be used when using a hydrazine as said 
precipitant, from the reason of the ease of carrying out of handling etc., it is desirable to use one hydrate and 
it may use the solution which diluted this 5 times from twice by deionized water etc. further. In this case, the 
compound salt precipitate obtained is for example, a compound hydroxide etc. 

[0022] Subsequently, the compound salt precipitate whose cerium ion is trivalent will be obtained several 
days by riping for several hours to 14 days from 1 hour preferably, stirring the above-mentioned compound 
salt precipitate. Under the present circumstances, a big difference is not produced in the effectiveness which 
neither aging nor reduction fully advances that it is 1 or less hour, and is acquired as a line more than for 1 4 
days. In a next baking process, dissolution of cerium ion and zirconium ion does not advance completely 
that this aging is insufficient, phase separation is not caused and it does not become inadequate completely 
returning cerium ion trivalent. 

[0023] As an ambient atmosphere of the above-mentioned aging and reduction, among air, nitrogen, 
hydrogen, and ammonia, although it can carry out by the inert gas middle classes, such as helium and an 
argon, in order to prevent oxidation as much as possible, it is desirable to perform stirring in nitrogen or 
inert gas. 

[0024] Thus, cerium-zirconium compound salt sediment whose obtained cerium ion is trivalent is calcinated 
under inactive or a non-oxidizing quality ambient atmosphere, and the cerium-zirconium multiple oxide 
whose cerium is trivalent is obtained. 

[0025] As said non-oxidizing atmosphere, for example, non-oxidizing qualities, such as nitrogen, hydrogen, 
ammonia, an argon, and helium, and an inert gas ambient atmosphere, or the vacuum middle class is meant, 
and, as for the oxygen tension at this time, it is desirable to make it to 0.01% or less to the total pressure of 

g as - 

[0026] Subsequently, it can consider as the cerium- zirconium multiple oxide of this invention by carrying 
out surface treatment of the multiple oxide containing the obtained trivalent cerium using finishing agents, 
such as a metal halogenide, alkali halide, an acid, alkali, and a halogen-containing organic compound. 
[0027] A metal halogenide, alkali halide, an acid, alkali, a halogen-containing organic compound, etc. are 
used, and a cerium-zirconium multiple oxide is made to contact in at least one or more condition among a 
gas, a solid-state, a liquid, fused salt, and a solution as a finishing agent used in this invention. 
[0028] As said finishing agent, for example Ammonium halide, lithium halide, A halogenation potassium, 
sodium halide, halogenation calcium, Aluminum halide, halogenation iron, gallium halide, halogenation 
Lynn, A halogenation indium, an ammonium carbonate, a sodium carbonate, a sodium hydrogencarbonate, 
A lithium carbonate, a carbonic acid hydrogen lithium, potassium carbonate, a potassium 
hydrogencarbonate, A hydrochloric acid, a sulfuric acid, a nitric acid, an acetic acid, fluoric acid, a 
hydrobromic acid, oxalic acid, a citric acid, Halogen water, halogen acid, a sodium hydroxide, a potassium 
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hydroxide, aqueous ammonia, What is chosen at least one or more of hydrogen peroxide solution, 4 
halocarbons, a phosgene, halogenation thionyls and these water, alcohol, the ether, a ketone, and 
hydrocarbon solutions is used. 

[0029] As said halogen, although a fluorine, chlorine, a bromine, iodine, etc. are raised, in order to enlarge 
the ease and the surface treatment effectiveness acquired of handling, the salt which contains chlorine 
preferably, a solution, chlorine water, a chloric acid, a hydrochloric acid, etc. are used. 
[0030] Furthermore, according to this invention, the cerium-zirconium multiple oxide which has the oxygen 
uptake and emission ability made into the purpose simple and easily especially as the above-mentioned 
finishing agent because an ammonium chloride uses preferably can be obtained. 

[0031] Hereafter, the example in the case of using an ammonium chloride as a finishing agent is explained. 
When using an ammonium chloride as a finishing agent in this invention, if it is the temperature to which 
the effectiveness of surface treatment shows up, what kind of temperature is sufficient and it can carry out at 
the temperature of arbitration, but in order to enlarge effectiveness of surface treatment most, it is desirable 
to carry out at 600-1300 degrees C. Moreover, although surface treatment time amount can be set as 
arbitration, it is desirable for carrying out within [ in 50 hours ] in consideration of effectiveness or the 
effectiveness acquired to carry out preferably desirable especially in 1 minute - 5 hours. 
[0032] Moreover, since vapor pressure, such as a halogenide generated on the cerium-zirconium multiple 
oxide front face depending on the temperature which performs said surface treatment, is large, it may 
volatilize, or the finishing agent itself may volatilize with the halogenide generated on the front face. Also in 
this case, it is possible to carry out surface treatment satisfactory. 

[0033] Furthermore, the cerium-zirconium multiple oxide obtained after surface preparation may perform 
calcining processing into air if needed. As for the temperature at this time, it is [ 400-1000 degrees C and 
calcining time amount ] desirable to carry out in 1 - 5 hours. 

[0034] The oxygen uptake and emission ability of the cerium-zirconium multiple oxide manufactured by 
this invention can be measured by Chemistry of Materials, the approach indicated by the 4005-4009th 
volume [ 10th ] (1998) page. The quartz tube of a U character mold is loaded with a 0.03g sample, and 
specifically, a temperature up is carried out from 200 degrees C to 1000 degrees C, circulating 80ml the 
hydrogen gas for /. Since the oxygen emitted from a sample reacts with hydrogen and serves as water, the 
heat-conduction detector of a gas chromatograph can perform spectrum measurement using a heat- 
conduction difference with hydrogen gas. And oxygen emission temperature and the amount of emission 
oxygen can be calculated from the obtained temperature-pro grammed-reducti on spectrum and its area. 
[0035] Although an example is raised to below and this invention is further explained to a detail, this 
invention is not limited to these. 
[0036] 

[Example 1] The 100ml of the first cerium water solutions of a nitric acid of 1.0-mol [/l. ] concentration and 
100ml of zirconium nitrate water solutions of 1.0-mol [/l. ] concentration were mixed, and 200ml of first 
cerium [ of a nitric acid ]-zirconium nitrate water solutions was prepared. After dissolving hydrazine 1 
hydrate in deionized water and preparing 400ml of hydrazine water solutions of ten-mol [/l. ] concentration 
independently, this and the 200ml of the above-mentioned first cerium [ of a nitric acid ]-zirconium nitrate 
water solutions were mixed. After stirring for four days in air and performing aging of precipitate, and 
reduction of a cerium, centrifugal separation was carried out and it dried at 80 degrees C among the argon. 
Subsequently, the obtained powder was heated at 1000 degrees C under argon gas circulation for 5 hours, a 
cerium is trivalent and the pyrochlore mold cerium-zirconium multiple oxide powder whose mole ratio of a 
cerium and a zirconium is 1/1 was obtained. These 3g of powder and lOg of ammonium chlorides were 
often mixed with the agate mortar, and it put into the alumina crucible, and it held for 1 hour, after carrying 
out a temperature up to 1 000 degrees C among air. 

[0037] The oxygen uptake and emission ability of the obtained cerium-zirconium multiple oxide fine 
particles were evaluated with the temperature-programmed-reduction spectrum. Furthermore, in order to 
evaluate the elevated-temperature endurance of this cerium-zirconium multiple oxide, after repeating 
oxidation / reduction cycle which performs hydrogen reduction and air oxidation by turns at intervals of 10 - 
300 minutes in 1000 degrees C, respectively and carrying out 10 times, it cooled to the room temperature 
and oxygen uptake and the emission characteristic were evaluated again. A result is shown in drawing 1 . 
Moreover, the oxygen uptake, the emission temperature, and the amount of oxygen after performing 
oxidation / reduction cycle 10 times in 1000 degrees C are shown in Table 1. Having had high oxygen 
uptake and emission ability by these, after the cerium-zirconium multiple oxide of this invention performs 
oxidation and reduction repeatedly in 1000 degrees C was admitted. 
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[0038] 
[Table 1] 
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[0039] 

[Example 2] Except having used 200ml of first cerium [ of a nitric acid ]-zirconium nitrate-calcium nitrate 
water solutions which mixed the 98ml of the first cerium water solutions of a nitric acid of 1.0-mol [/l. ] 
concentration, 98ml of zirconium nitrate water solutions of 1.0-mol [/l. ] concentration, and 4ml of calcium 
nitrate water solutions of 1 .0-mol [/l. ] concentration, and were obtained as a start raw material, cerium- 
zirconium-calcium multiple oxide powder was manufactured like the example 1 , and oxygen uptake and 
emission ability were evaluated. A result is shown in Table 1. 
[0040] 

[Comparative Example(s)] 100ml of 1.0 mols [/l. ] cerium-nitrate water solutions and 100ml of 1.0 mols 
[/l. ] zirconium nitrate water solutions were mixed, and the mixed water solution of 200ml cerium-nitrate- 
zirconium nitrate was prepared. Moreover, the rare aqueous ammonia which carried out two fold serial 
dilution of the commercial aqueous ammonia by deionized water was prepared. Subsequently, 200ml of said 
mixed water solutions of the prepared cerium-nitrate-zirconium nitrate and the 200ml of the above- 
mentioned rare aqueous ammonia were mixed. After stirring for four days in air, centrifugal separation was 
carried out and it dried at 80 degrees C among the argon. After heating the obtained powder at 1000 degrees 
C under argon gas circulation for 5 hours, these 3g of powder and lOg of ammonium chlorides were often 
mixed with the agate mortar, it put into the alumina crucible, and it held for 1 hour, after carrying out a 
temperature up to 1000 degrees C among air. The oxygen uptake and emission ability of the obtained 
cerium-zirconium multiple oxide powder were evaluated like the example 1 . A result is shown in Table 1 . 
[0041] 

[Effect of the Invention] Since the cerium-zirconium multiple oxide of this invention has high oxygen 
uptake and emission ability in a low-temperature field 400 degrees C or less and is extremely excellent in 
thermal resistance after it performs oxidation and reduction repeatedly at 1000 degrees C, it is useful as a 
co-catalyst for a combustion catalyst, catalyst support, and the catalyst for motor exhaust purification. 



[Translation done.] 
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BEWOPIIB&ttM] 30 
[0 00 1] 

B8WO|W-«afBiMf] l 0 0 0°CT«t) 

[0 00 2] 

y2>v*>&flMiSfts&«#**0-iMb&jR, Kft* 40 

5^>>A3?©lt&JS*±JS#i:U IHk-tr y 9 A^Itf b 
-fey £A-I?{b f*/l> 3 - •> A k$)£Kj«& T 5 

[0003] c ©£ 5 ft=7C^#ffl«©#;tf xMtf* 
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ii£u ->y y^nr)MDiAsn^^©fl*w?n 

T<^5 1 ©©, HIROiDii^jSa t# 9 2J8Jt©&{bfc 
S Mfll^ ©B# F«giin© ft 46 £ , uOi/XfA fcttT* 

[0 0 0 4] cciT*, iHb-fey^Afi, »fR©^£ittt 

M$E:fc^TlMJt©^»£ffl1ffciJU JW^©*^ 

»{t-bu ^A^i^^t-rsB&ttijaitt, 4 o ox;i-xt© 
8 5 ccjeuiOiBiatftsfctt^fiT-ra^©^^ 

[0 0 0 5] fCT\ C©<fc?ft^££:2jj#1-?>fc46 
E, 00*. f£ W8 - 10 3 6 5 0^1 v $g, ^¥8 
- 1 0 9 0 2 0^$g, WM¥ 8- 1 09 0 2 1 *f£;$8 

fb-fe U ■> A i: Kfb^3 - A©1t^fb toffl&LZ n 

[0006] L/^Lft^e, mttfemck-ormmiz 

;*Jf> Journal of Alloys and Corapounds v ^2 7 0# 
(19 9 8^) 1107-1 141, Journal of Solid 
State Chemistry, ^ 1 3 8# ( 1 9 9 830 ^47~ 
5 4H, Sl>* Chemical Communications, 1 9 9 9^^ 
1 4 9~ 1 5 9H«fz:JI&ftS«fc'5K* CtlSOSjiffi 

e «t t) t# e> n 5 iwk-t u ^ a t m t *J)\> 3 =. t> l t <om 
^BMb»f±, ^ofcA, 1000 icfifjfioss-PKib^n 

5 1 4 0 o°cj^T©{as^c*5WSK^M • immtt 

[000 7] Sfc, ffiST'O^M • »tBffi*a#f 
5fc46t, fflJiJf1$MJp6-2 4 6 1 5 5#fc^6tlS 

.t^E, -ty^A^^-y^, **«i'*>&t;/xtt3i 
■J^^7y ; ex'>i,7j<?g^xti>'a"7^7j<^ 

K»^LT»6n5«^JfittlK*%, 2 5 0°CW±T'jl 
Stt-&Kfbft©»JISaHili^ 1 0 0 fimo 1 /ggJtT* 

asfl-ftSJisBMx ■ t*«-e*ftv^ 

[0 0 0 8] 

[«W L «fc -5 1 ^ -5 M0 *%BJ!© @ ffyi , 
0«3tttT*iJ«L»ftj^-3fc % 3£5W>, 1 OOOtt'i 
t))iLiffb-Ji7c*f7ofc^fc43VTt), KJRKiR-tt 



3 

tHfifitf 4 0 0 tJ-XTT'fe 0 , A^OKJRttUiatfllJR^ 
ftLT5 0 0 ^mo 1 /gJM±T*fc*-fey ?L-*J)\> 

[0 0 0 9] *f?WOS"J01W(ix ±ie-fey}A 

t-ftjjM- 5 c t jTOttttatifi&fcaftf - 5 c £ h % o 

[0 0 10] 

#>©#fgBJ!©g§te, WflW#©«5Hf<:£«©St>Tfc 

[0 0 1 1] CftlzX*), 1 0 0 CCttSVTSfk • il 
5t*«!)jIbfTofc&fCfcV'Tt> % 4 0 OICJMTOffia 

&*y^A-^3-?A^£f&{k»i, «9Atf, MM 

[00 12] 

vmm%mmM\ wt, *%mzz ^mL< mm 
f 

[0 0 13] #«W©Hry9A-$>;l/3-*A«£lMb 

ftfct, 4 0 0 TWTOffiffifcfc^Ti&Jt^fc bT 5 0 
Ofirao &?£b<{;}:700fimo 1/gJ-X 

TiMb'iSrcfclltJEbfTofc&fcfc^Tfc, 
[0 0 14] iiat^BMbftfcfettS-fey^Afc^/lo 

no.Mc*5^Tt, 1 0 0 0°CKA±.<F>-&UTfcTUK> 
£ bSHb • 31tc kfcirr-fc , 4 0 0 iCWT<DfiiaiS«t 
6^Tif^l/T5 0 0/irao I / gfiLhOX^tt 
• fttHffi^-rS-b U £A-i/";l/3 " A*g£& 

^l/Jttf 1/9 9~9 9/ 1 4:ft5«fc3fc1" 5©tf23: 
U\, £6K2i:b<«, £***»{bfflJfttt8tfcLT© 
i§tt*S<-r*fc©fc, 1/9-9/1 fc-TSO^J: 

*P7R{bto*£jSS-t*Sfc©, 2/3~3/2£-fS 
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©#2£U\, 

[0 0 15] £fc^ imWV)&)Vh-*/)Vzi-*7LM 

7,yuy?-vL.m<D7)Vj]V±m&m i Ps mitres.-. 
*a, mfr^m, mt-v^-fi, w&*v. mt^ 
7=.v a, nt^Wf^ mm, mim. m<tx 

?#^5 7-7 1 oftiaiwkwxfcicneos^ft 

10 Tfe&V\, 

[0 0 l 6] tfjf£t«£&3*y ^Afeit/v* 

5f±$#T'£5fi^ p->*-}A, /<7S^A«8F©ft& 

£fc#bt\ aft b < & o . oi~iom%, £££ 

20 tf2$LV\, 

[0 0 l 7] *fP£©-ty 'i'A-vM/a^AJi^fk 
K9%SIIS!-r 5 Ctt, -b U 9 Afci tf 5>Jl/3 - £ Af^-y 

[0 0 l 8] mttVVlJkXSVfrzi-ykJXyik^ 

a, ftK-bu^As a, ffi'Kry^e-^A-b 

U^A, mg^;i/3-;k ifi{k^;i/3-;mo7j<}g^^ 

»*b<fflv^n, s/c, siTtffffl^w-rsitisaijfcb 

30 Tti, Jfiatt©»7cSiJ, 0IJk.^ tK7'>/ zkJSft* 
•>*^hy^AH©7K«»3!) t !ffSb<ffl^6n%. 
[0 0 19] *»Wk:<fcn^ ±IBS7tftffl^ 

^•r ^ a^S'j b r#fc t: k 7 y t>m $ l < m ^ e. 

;Un-->A^^j5t^^ »H$b&#«?)»«fH*^a 
BMU ■bU^A'T*y©a7c%ffiJiU -trU^A-r 
* >^ 3 ffiT- 5 -tr U «> A - ->*;!/ 3 - -> A«^fltti8«l 

mctf, «*§eutcf# e» ns-tr u * a- ->vi/3 - ^ 

40 t5 0 

[0 0 2 0] J^Tx iS7cf^ffl%*fset«SiJ4:LTt F 

yisyzmmtzm-etomic'D^TimiirSo MiB-t y 

>>a, ^;l/3-«>A-f*>*$cr»*i:» »7cflU8%W 
forcible, *V?h'{*y£V>i,3-v 

50 1 : 4fr6l : 3 Ofcf U\, 



(4) 

5 

[0021] ttz, na&ttMmtLxt Y^vyitm^ 
^z><Dt)W£L<, zbiccnzjsi-a-yymicz? 

So 

coo2 2] ^xiM^m^m^m^Lr^hm. 

SMilSfc fc^T-fc U •> A-C * > i: - A-T * y 
[0 0 2 3] ±BE»U& S7cCD|?H^t LTtt, 2^ 

#asu\ 

[0 0 2 4] COi^KUTf enTc-tU^A-Y^-y^ 

SttXtt3HWbtt»H«TT*Jfc« U -tU^A^3fiffiT 
ifc 5 -b U £ A - - £ A«£SHbft *m 5 o 
[0 0 2 5] idgSlf»{btt»iiakL-Ttt, W*fcf, § 
TkfS, 7>*^7, 771/rfX 'MJ^A^OlfSWb 

U C©fc#©B*#Ete#*©£ffifcttLT0. 0 1 30 

[0026] #</>t\ wenfcaao-bu £A£^rr • 
y, %. 7;i/*u» ^Moyyw«fb^i*ss©aiB«i3i 

[0 0 2 7] ^Wcfc^TfflV^ftSgffiS&aSlJilL 

Ttt, ftJB/MayyftfltK MD-y:/fk7/-l/*y, 7 
ft, &ft> jS«<D5% / >ft<i:*> iow±o« 40 

[0028] tm&ffii&mfittLxit* m%.a, wf 

yfb7y^-^A, /Nuyy{b'Jf->A, Mnyyffc* 
y«>A, /Npyyfb^-hU^A, Wfyfc-htV'yy 
a, /-.pTfyfl^bs^A, noyyfcR, /np^v 
{b#y$A, /Nayy{bu>, /NP^'Mb-r a, 

mMTVi-V A, h y A, ftiteKJRt h y 9 

A, MIL Mlk 
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y», zk^b^- h y »>a, *gKb*y->A» 7yt^7 

7K, »IMb*Jfck wwVXtmm. frxfy, >np 
y'yfbf-*-7K fe<fctfcn&©*, 7;bp-;K x— 

[0 0 2 9] HUlS/NPyyfcLTti, 7-y*L A 

So 

[0 0 3 0] *«WKJ:ntf, ±I2^ffi5aagiJ 

t Lxmzi&it7y ; e-<yi±t)m£ l < ra^s ctx\ 

[00 3 1] J-XT, SffiMS^Ji: LT«{b7y*-'>A 

*%mt 2>i§-e><r>mcD^xmw?z> 0 *%wicis^x 

"TSfeiiJfc, 6 00—1 3 00"CTiT3il 

£tfx2&t>\ %)m*n%riz>%]%z%mLx 5 omrs 
imx-fivottms. l < , ftfcs* l < » 1 »~ 5 

[0 0 3 2] f:fc, BUlBSffi^R^ff 5iB*K J;oT 
fi, -fey ^A-^/l/3"«>A?t-&^b^*BS{c4figtfc 
7 np y yitWSnmSSE.ffiz %^fctblcB%LfzK> , h 
5i#^ttSffiSft®W^-Ot>©3b^ffifc:4j*Lfc/Npyy{b 

[0033] affijeasfet»6n/'c-fey^A- 

>>*;1/P r. A}t^K<btl«> «2® t £ C T^^tc ^ 
TjWfc«yi*fToTfcJ:«,\, C©i:frOiBJStt4 0 0~ 
1 0 0 0 TC, ^ftl^Htt 1 ~ 5f$MXfi o<Dt>m$ L 

[0 0 3 4] ^SEWfcAOSii^nfc-by^A-^l/a 
-*A«£K{fcft©»*«lK-ttHJ|J!»4. ^J^tf, Chem 
istry of Materials, £?1 0# (1 998^) ^400 
5-4 0 0 dMfcimZftX^Zft&miC&OMfctZ 
CfctfTtS. ftftWtCti, 0. 0 3 g<DW®*U^m 
OEH*fc:8*L, 8 0 ~ 'J 'J <y h/l//»©7kJR^% 
8S315^*^2 0 CCfrC 1 0 0 OTCSTSiBS* 

So 

[0 0 3 5] WTK*fi6fiflJ*fetfT*aW%*6fi:»a 
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[0 0 3 6] 

mmmii i. o*>i/vyh)i>m&<omwm—kv 

Vl±7}<.®Wl l 0 0 5 y u y Wl/fc, l. 0WJf h 

;i/»aoffiiff^/i/3-;i/7i(}g« i o o ~ y y y 

S£U SUSS— Ir'J ^/»-fl»^l/3-;b*»K2 0 

o s u u >y YJizmm tfc gut, t K5^> i 

Wi' * y 7j<£ ®8? * io =t>v/ y >y h /W&g© k 

K7^>*8*4 o o 5 y y >y h ;!/*■« bfca, en 

;l/rf^4«8 0iCT*SjSLfco f#e>nfc$*£7 
;I/=f >7?X8KaiT, l 0 0 0 iCT* 5 iS^iQfSU -b U >> 
Atf 3ffiT&t)> -bU«>Afc^;I/3i!>AO*;l/Jt3V 1 



* 1 0 g£fc<D-5¥L&T'J:<!l^U 7/l/Sf-£o#£i^ 

n, 1 0 0 o o c$mstrdt 1 mmunbko 



[0 0 3 7] ffetlfttU'JA-^^A 



-A. 



10 



A. 



{fcft©i8Jg»&tt*l^*Sfci&fi:, 1 00 0°CC*51> 

TzksRiiTxfcsaBMb^^n^n 1 0-3 0 oftmmv 
zmcfiomt-mjiy-'finizmmL 1 o@tforc 

tco &%%m 1 fcaVf. 1 0 0 OICtCfe^TKfk 

•J *A-5?/b3-*A«£R<fc*tf 1 0 0 OTCfcfcl^T 

[0 0 3 8] 
[Si] 





1000TDX*O®<kM7C 


atass (ic) 


(Oa/Zmol/g) 






441 


774 






400 


565 






400 


780 






380 


595 






483 


540 






511 


522 



[0 0 3 9] 

[HSdt?iJ 2 ] tanWM t LT> l . OWJyh 
bU9i»7WS«9 8 5UUyh;l/k, 1. 

0*;I//U 7 h^ajg©5&'Kv^3-;WJ<$$9 8 5 "J 

y -y h)Vt, l . 0WJ *y t;l/»fi©W»* 

2*7*$® 4 = y y -y h ;i/ 1 %MaL>xw e> n/c, $s$i 30 
— t y •> a-w»s>/1/3 - )V-vmt> >w>* 2 

0 0 5 y y <y h>i>*;i§^;fcjjtfm* usspj 1 tra*»c u 

T -b y £ A - i?)\>-3 - v A - io >w> v A«£m fcfefft* 
*«iau WIHRiK-»ffilll«rlMiLfc. I»*«1K 

[0 0 4 0] 

[Jt8«l] l • 0 U >y h /"P© WIHr l> * A7j<$?& 

1 0 0 5 'J y y Yfrt l . 0*;I//U -y h/l/©fli»5?;l/ 
3 -;l/7h?§?S 1 0 0 5 'J 'J v WUfcffl'&l/T 2 0 0 5 'J 

y -y h/KDffi'K-h 'J ^A-WK^l/a^l/OiB^zKSffi 40 
fcHHLfco Sfc* maso7> ; e-77j<%i4-r^-y7j<T* 

2<g^«?L7c^7y ; &-77i<*PSL,7Co ^^T\ SulB 
WH bfc58K-b 'J »> A -5H»^;I/3 -;l/©S-&7kJS» 2 

o o 5 y y -y h;i/i:±i2^7y- : e-77i<2 oosuy* 



jyuxvmT, i o o o °ct* 5 BfmmLtcm, c <d 

g^b, 7/1/5 ^SOtf^ft, S^lOOO'CST- 
[00 4 1]' 

*mfl<D-t V «i7A-v?;l/3- >>A^K 
{tteti, 1 0 0 0°C7?ii#y3IL®S{fc • ffljx«:fT-3fc»fc 

[^ i ] nmm i T-^trc-fey -^A-^i/a-^Ais 

^{b%)> Rtf 1 0 0 0 o Cfc*3l^Til7n • mWLy-^tfr 
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[01] 




100 200 300 400 500 600 700 800 
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F 0 1 N 3/10 
3/28 



mam 



3 0 1 



F I 

F 0 1 N 3/10 
3/28 



T-T3-Y (##) 



A 

3 0 1 P 



F2-M##) 



3G091 AA02 AB01 AB08 BA01 BA39 
GB01Y GB04Y GB05W GB10Y 

4G048 AA03 AB02 AC08 AE05 

4G066 AA12B AA23B AA32D AA33D 
AA52D AA53A AB10D AB21D 
BA36 CA37 DA02 FA05 FA 17 
FA22 FA37 

4G069 AA08 AA09 BB06A BB06B 
BB12B BB12C BC01A BC09B 
BC43A BC43B BC43C BC51A 
BC51B BC51C BD11A BD12B 
BD12C BE13A BE13B BE13C 
BE17B BE17C BE33A CA03 
CA09 FB39 FB43 FC03 FC04 



